T he opioid epidemic constitutes an immense public health problem in the United States, devastating countless American lives over the last 2 decades. 1 An increasing number of opioids have been prescribed over this time period, totaling 259 million in 2012 alone. This amounted to 4 times the number of opioid prescriptions distributed in 1999. 2 Not surprisingly, the increasing quantity of opioids in public circulation has culminated in dire consequences. Opioids resulted in over 1.3 million hospitalizations in 2014 3 and over 20,000 overdose deaths in 2015. 4 The total financial burden levied on society by overdose, abuse, and dependence is estimated to be over $78 billion. 5 In response to the escalating crisis, legislation passed in 49 states initiated close monitoring of prescription drugs. 6 Interestingly, opioid prescribing for surgical pain in the acute postoperative period has been shown to significantly contribute to persistent narcotic use in the future, regardless of procedure type. 7 As such, postoperative prescribing habits remain an ongoing area of scrutiny to better safeguard opioid naive patients from addiction after surgery. However, while narcotic prescribing patterns in the postoperative period have been studied recently in the adult population, even less is known about persistent use after surgery in children and young adults. Recent research demonstrated that some abdominal procedures have been linked to persistent use in the pediatric population, with increased risk for persistent use associated with colectomy and cholecystectomy. 8 However, the literature lacks any data on persistent opioid use after other pediatric procedures, such as operations performed in children with cleft lip and/or cleft palate. Given the impact of deformity and the need for multiple surgeries, significant psychological issues accompany these patients, therefore differentiating them from the general surgery population and perhaps increasing their risk for persistent opioid use. 9, 10 In this study, we analyzed national claims data to measure the rate of persistent opioid use in children, adolescents, and young adults after common cleft-related operations and determine important risk factors for persistent use in this particular patient population.
METHODS

Data Source and Study Cohort
After obtaining exemption from the Institutional Review Board, we analyzed the Truven Health MarketScan Research Databases, which capture patient-level pharmacy claims and medical services. These databases reflect care for approximately 50 million employees across the country, including that of their children. To obtain our cohort, we reviewed the databases from January 1, 2010 to December 31, 2014 . Patients between the ages of 8 to 25 who underwent any of the preselected cleft-related operations were included. The selected operations were distraction osteogenesis, palatoplasty, repair of nasolabial/oral-nasal fistula, alveolar cleft bone graft, cleft lip/nose revision, cleft rhinoplasty, pharyngeal flap, lengthening of palate with island flap, adjacent tissue transfer, and orthognathic procedures. Procedures not universally associated with facial clefts required an accompanying cleft lip and/or cleft palate ICD-9 code (749.0, 749.1, or 749.2). Orthognathic procedures performed with dentofacial anomaly ICD-9 codes (524.9, 524.50, 524.89, 524.00) were included. If patients underwent more than 1 procedure in the same day, the patient was categorized by the most painful procedure (determination made by KGB and CJV). Operations usually performed in infancy (cleft lip and palate repairs) were excluded, given the extremely low likelihood of persistent opioid use afterwards.
In order to ensure an opioid-naive cohort, all included patients were required to have continuous insurance coverage during the 12 months prior to the procedure and 6 months after, as well as no pharmacy claims reflecting opioid prescriptions during the 11 months prior to surgery. To eliminate patients with persistent use secondary to additional operations, any subsequent codes for anesthesia or additional surgical procedures within 6 months after the index surgical procedure resulted in exclusion. Any patients who did not fill an opioid prescription within the defined perioperative period, 30 days before and 14 days after surgery, were also excluded. For a comparison cohort of patients who did not undergo surgery, we identified a random sample of 2100 of the 5,392,859 nonsurgical patients ages 8 to 25 years in Truven Health Marketscan database. Patients in the control group were assigned a random fictitious surgery date during the study period, and the 3 inclusion criteria, including continuous insurance coverage, no additional procedures, and opioid-naive status, were applied.
Persistent opioid use was the primary outcome, defined as continued prescription fills between 90 and 180 days after surgery. Patient characteristics potentially associated with persistent use were examined, such as mental health diagnoses, pain disorders, Feudtner complex chronic conditions, 11 and sociodemographic factors.
Statistical Analysis
Descriptive statistics were performed for both the study and control population, including type of surgery, patient demographics, and mental health diagnoses. A multivariable logistic regression model was used to estimate odds ratios (ORs) and to identify patient factors associated with increased risk of persistent opioid use. The analysis was conducted using SAS 9.4. Statistical significance was set at P ¼ 0.05.
RESULTS
A total of 2039 patients (mean age: 14.9 AE 4.8 years) were retrieved from the database using our inclusion criteria. Most patients in the surgical cohort were male (57.4%), whereas most were female in the control group (50.2%). There were significantly more Feudtner complex conditions in the surgical group (Table 1) . The percentage of patients with depression, anxiety, drug and substance abuse, and other mental conditions was higher in the surgical cohort compared with the control group. The most common procedure types in the cohort were alveolar cleft bone graft (24.7%), placement of distractors (17.9%), and cleft lip/nose revision (17.6%).
The incidence of new persistent opioid use in the surgical cohort was 4.4%, compared with only 0.1% in the randomly generated control group. Unadjusted rates of persistent use are included in Table 2 , with the highest rates seen in patients undergoing distraction and patients undergoing palatoplasty, pharyngeal flap, or fistula repair. Procedures were combined to protect patient privacy, due to the small numbers of persistent users within each procedure type. The logistic regression model fit adequately using Hosmer-Lemeshow goodness-of-fit test (P ¼ 0.7.49) with c-statistic 0.773. After adjusting for relevant covariates, increasing age was found to be a significant risk factor, with the odds of persistent use increasing by 11% with each additional year (Table 3 ). Persistent use did not vary by gender on bivariate analysis, and thus was not included in the regression. Living in regions outside the Northeast (North Central, South, West) was associated with increased odds of new persistent use (Table 3) . Having a chronic gastrointestinal (GI) condition was also associated with increased odds of persistent postoperative use (OR 7.37, CI 1.49-36.54, P ¼ 0.014), but persistent use was not correlated with other chronic conditions, depression, or chronic pain issues. Odds of persistent use were not increased if more than 1 procedure was performed (OR 1.41, CI 0.63-3.20, P ¼ 0.40). Only distractor placement was associated with increased odds of persistent use (OR 5.34, CI 2.00-14.24, P ¼ 0.001). Adjusted probability of persistent use was 10.1% after distractor placement, and 3.8% after both orthognathic procedures and intraoral soft tissue procedures (palatoplasty, pharyngeal flap, fistula repair) ( Fig. 1 ).
DISCUSSION
A consensus statement released by the American Pain Society and the American Academy of Pain Medicine in 1996 claimed that the risk of new opioid addiction was low and tolerance an uncommon problem. 12 Unfortunately, the reality of the opioid crisis in the United States stands in stark contrast to these conclusions, even impacting adolescents and young adults exposed to opioids. 13 Currently, young adults ages 18 to 25 are responsible for the greatest amount of opioid abuse compared with other age groups, 14 with addiction rates 6 times higher in 2014 than 2001. 15 Regarding younger users, adolescent consumption of nonheroin opioids has nearly doubled over the last 10 years, 16 with 267,000 teens using pain relievers for nonmedical purposes. 17 Tragically, overdose deaths in both adolescents and young adults have increased more than three-fold between 1999 and 2014. 18 As increasing amounts of opioids have become available, opioid-related admissions in adolescents increased at a similar rate between 1995 and 2005 19 with treatment outcomes characterized by frequent relapses and program noncompliance. 20 These adolescents are also at increased risk for poor psychosocial outcomes and other health risk behaviors, 21 and long-term prognosis is poor compared with adolescents using other substances. 22 Furthermore, opioid misuse in adolescents frequently escalates to heroin use, with 80% of heroin users admitting to prior opioid consumption. 23 A more recently understood contributor to opioid dependence is perioperative opioid prescribing for surgical pain. This phenomenon has been demonstrated in general surgical procedures, as well as hand and orthopedic surgery. 7, 24, 25 These studies also demonstrate that persistent use is more heavily influenced by patient-level factors than by procedure type, indicating that severity of surgical pain is unlikely related to opioid dependence. 7 These authors cited mental health disorders, in addition to chronic pain diagnoses, as predisposing patients to opioid misuse after surgery. Since the literature lacks specifics on provider prescribing patterns, promoting awareness of patient-level variables that increase the odds of persistent opioid use remains a critical strategy for avoiding opioid dependence in surgical patients.
In this cohort, increasing age, having a chronic GI condition, and living outside the Northeast increased patients' odds for persistent opioid use after cleft-related operations. Age has previously been correlated with substance abuse in the noncleft population and should impact our prescribing patterns in older pediatric patients. 26, 27 Regarding GI conditions, increased odds of chronic The Journal of Craniofacial Surgery Volume 29, Number 7, October 2018 Persistent Opioid Use After Cleft Operations opioid use have been found in pediatric patients with inflammatory bowel disease, and even greater odds of chronic use were associated with accompanying high utilization of health care services and psychological impairment. 28 Moreover, pathways of chronic GI pain initiated by inflammation sometimes persist despite resolution of inflammation, rendering symptom treatment difficult. Such entities necessarily fall under the broad category of functional abdominal pain, without an identifiable etiology. 29 Unfortunately, no drugs exist to specifically target pain in these difficult patients, and current available evidence suggests poor efficacy of antidepressants, antiepileptics, and antispasmodics compared with placebo. 29 As such, patients with cleft lip and/or cleft palate and a GI comorbidity may continue to use opioids and refill prescriptions after surgery in an attempt to control their abdominal pain. With respect to regional risk, geographic variation in opioid prescribing has been previously described, but causation remains unknown. 30 Regional variation is unlikely secondary to meaningful differences between populations, but rather reflects the failure to standardize opioid prescribing. 31 Of the procedures studied, distraction was associated with higher odds of opioid use more than 90 days after surgery. After acute surgical pain has been controlled during the latency phase of distraction, patients may experience renewed or worsened pain during the activation phase. Furthermore, trauma to the pin sites, sleeping on the distractor, and distractor removal in clinic may also cause additional pain, resulting in liberal opioid prescription refills. While many of these patients undergo distractor removal by 3 months, transitioning to a nonopioid pain medication early on must be considered in those who have not undergone removal.
Both for individual patients and society as a whole, it is critical to eradicate trends of opioid dependence in children, adolescents, and young adults after surgery. Heightened awareness of this problem among cleft and craniofacial surgeons will serve to decrease the rate of persistent opioid use after these operations. The suspicion for persistent use after surgery has likely been far too low to prompt a shift toward more conservative opioid prescribing. Clear evidence of persistent use in a somewhat surprising patient population renders the need for thoughtful prescribing even more imperative. Intentionally switching to acetaminophen and nonsteroidal anti-inflammatory drugs as early as possible after surgery would help to mitigate the rates of persistent use seen in this study. 32, 33 Finally, the value of patient and parent education on the risks of opioids and proper pain expectations cannot be minimized. Even if surgeons alter their own prescribing patterns, some patients may seek opioid prescriptions from other providers if they fail to appreciate the risks of medications prescribed and/or inappropriately anticipate having minimal to no pain after surgery.
CONCLUSIONS
As top public health officials conclude that the opioid epidemic is worsening, 34 it is incumbent upon all healthcare providers to acknowledge their own contributions to the problem, no matter how improbable opioid dependence may seem in their respective patient populations. Despite caring for a largely pediatric population, craniofacial surgeons must consider the potential for opioid misuse in children, adolescents, and young adults undergoing cleftrelated operations. More conservative opioid prescribing in vulnerable patients, transitioning to non-narcotic pain medications quickly after surgery, and increasing patient education all remain essential for ameliorating the impact of the opioid crisis in cleft patients.
